Previously, TX5179, a disruption mutant of the enterococcal polysaccharide antigen (epa) gene cluster of Enterococcus faecalis strain OG1RF was shown to be attenuated in translocation, biofilm mouse peritonitis and was more susceptible to polymorphonuclear leukocyte phagocytic killing. Here, wild-type E. faecalis OG1RF and TX5179 strains were tested in a mixed-infection (inoculum, ∼1:1) mouse urinary tract infection model. Wild-type OG1RF outnumbered TX5179 in the kidneys ( ) and bladder ( ). In conclusion, P ! .001 P ! .001 the epa locus of E. faecalis OG1RF contributes to murine urinary tract infection and is the firs such enterococcal polysaccharide locus shown to be important in this site.
described a large enterococcal polysaccharide antigen (epa) gene cluster of E. faecalis and showed that a mutant of OG1RF, TX5179, with a disrupted epaB (formerly orfde4) gene, showed attenuation in a mouse peritonitis model [2] , susceptibility to neutrophil phagocytic killing [3] , and reduced biofi m formation [3, 6] , compared with the wild-type E. faecalis strain OG1RF. Here, we studied the TX5179 mutant versus wild-type OG1RF in a murine UTI model. Materials and methods. E. faecalis OG1RF [7] and TX5179 [2] have been described previously. Growth curve experiments of test bacteria were performed in Bacto Brain-Heart Infusion broth (Becton Dickinson) medium with 40% horse serum (Sigma; BHIS). The cultures were grown at 37ЊC with gentle agitation. A reading of optical density at 600 nm was determined every hour from 0 h to 8 h and then at 14 and 24 h. At intervals of 0 h, 6 h, and 24 h, the number of colonyforming units (cfu) per milliliter were also determined for both strains by plating serial dilutions on brain-heart infusion agar plates.
For inocula preparation, bacterial strains were grown for ∼10 h with gentle agitation at 37ЊC in BHIS medium. The cells were pelleted for 10 minutes (10,000 rpm at 10ЊC) and resuspended in 10 mL of 0.9% saline. For the mouse UTI model, white, female Imprinting Control Region mice (Harlan Sprague Dawley) with a mean weight of 25 g were used. Methods for mouse catheterization, inoculation, organ recovery, and tissue homogenization for bacterial recovery were the same as those published elsewhere [8] . In brief, isof urane-anesthetized mice were infected via intraurethral catheterization using 200 mL of the bacterial suspension consisting of an ∼1:1 ratio of wild-type E. faecalis OG1RF: TX5179 (ie, geometric mean [GM] cfu of OG1RF to 5 3.2 ϫ 10 GM cfu of TX5179). The urethral catheter was removed 5 4.1 ϫ 10 soon after injection of the bacteria, and all animals had free access to food and water throughout the course of study. Mice were euthanized by CO 2 inhalation at 48 h after transurethral challenge. The urinary bladder and kidney pair were excised, weighed, and homogenized in 1 mL and 5 mL of saline, respectively; dilutions were plated onto brain-heart infusion agar, with or without antibiotics, as appropriate. The minimum detection limit of bacteria in this experiment was 10 2 cfu/g of tissue homogenate.
Mice with sterile cultures of kidney and urinary bladder homogenates were considered to have no UTI. Identity of the recovered test bacteria from infected organs was conf rmed by verifying their appropriate antibiotic resistance markers. All experiments involving mice were performed in accordance with the guidelines stipulated by the animal care committee, University of Texas Health Science Center at Houston. The log 10 cfu/g of TX5179 and OG1RF in the inocula and tissue of each animal (kidney or bladder) from the mixedinfection model were analyzed for statistical significanc by the paired t test. The Fisher exact test was used to compare total infection of kidneys versus that of bladders (combining data for all animals) during mixed infection with OG1RF:TX5179. Graph Pad Prism, version 4.0 for Windows (GraphPad Software), was used for statistical analysis.
Results and discussion. For the UTI model, a total of 22 mice were used (12 mice in one experiment and 10 in an independent experiment; the results were combined). In the kidneys, despite inoculating with slightly more of the mutant TX5179 ( GM cfu) than the wild-type OG1RF 0.3 ϫ 10 have rich vascular supplies and which are made up of glomerular basement membrane consisting of a cross-linked meshwork of collagen (mostly type IV), laminin, polyanionic proteoglycans (mostly heparan sulfate), fi ronectin, entactin/ nidogen, and several other glycoproteins [9] -appear to be preferred sites for colonization by enterococci, with 19 of 22 kidneys infected. Only 11 of 22 urinary bladders, where the mucosal surface has a relatively low vascular supply, were found to be infected. This preference for kidney colonization by E. faecalis is consistent with previous observations by us [8] and others [10] . Our previous study showed a role for ebp pili in upper tract infection in this model [8] . In contrast, in a previous study of Shankar et al. [11] , in which an Esp (enterococcal surface protein, encoded by an acquired gene)-positive E. faecalis and its Esp-deficien mutant were compared, there was increased persistence of bacteria (log 10 cfu) in the urinary bladders of mice, with no histological changes, by wild-type versus mutant; however, there was no difference in the bacterial log 10 cfu level in kidneys. The wild-type OG1RF used in the present study lacks the Esp [7] .
To evaluate whether growth of TX5179 mutant differed from that of wild-type OG1RF in BHIS, the optical density at 600 nm and bacterial titers were measured. TX5179 did not show any apparent growth defect, compared with wild-type OG1RF, up to 14 h, with a slight decrease in optical density at 600 nm at 24 h, compared with wild-type OG1RF (f gure 2A). However, the bacterial titers for both strains were comparable at all 3 time points: at 0 h, cfu/mL and cfu/mL; at 6 h, 7 7 5.4 ϫ 10 4.6 ϫ 10 cfu/mL and cfu/mL; and at 24 h, 9
2.8 ϫ 10 2.6 ϫ 10 1.4 ϫ 10 cfu/mL and cfu/mL for TX5179 and wild-type OG1RF, 9 1.2 ϫ 10 respectively (f gure 2B). Thus, the gene disruption in TX5179 did not cause a growth defect when grown in BHIS medium. Similarly, TX5179 BHIS-grown cells plated on brain-heart infusion agar plus kanamycin (2000 mg/mL), compared with brain- heart infusion agar plates from inoculum prepared for animal infection, demonstrated an almost equal number of colony-forming units per milliliter on plates with and without the antibiotic (data not shown), indicating in vitro stability of the disruption. We previously demonstrated in vivo stability of gene disruption of the TX5179 in a mouse peritonitis model [2] .
Various enterococcal polysaccharides (capsular or cell wall) and related genes and/or gene clusters [2, 3, 12] have been reported in the literature. In our previously published studies, we showed that TX5179 was attenuated in a mouse peritonitis model, displayed decreased resistance to phagocytosis and/or killing by polymorphonuclear leukocytes [3] and formed less biofil than did wild-type OG1RF [6] . In the present report, we have shown that TX5179 is also significantl attenuated, compared with wild-type OG1RF, in a murine model of ascending UTI. TX5179, with a disrupted epaB gene (formerly orfde4), lacks or has modifie a polysaccharide that is important for efficien colonization and/or infection of kidneys and urinary bladder, compared with wild-type OG1RF. Our previously published work used Western blots and a serum specimen obtained from a patient with E. faecalis endocarditis to demonstrate the presence of high-molecular-weight (smear) and lowmolecular-weight bands in the polysaccharide extracts obtained from wild-type OG1RF that were absent in the polysaccharide extracts obtained from TX5179; periodate treatment and carbohydrate staining confi med the polysaccharide nature of this material in wild-type OG1RF [3] . Our recent work has shown that the purifie Epa polysaccharide from wild-type OG1RF is composed mainly of rhamnose and glucose, as well as of small amounts of galactose, GalNAc, and GlcNAc, whereas a new polysaccharide present in TX5179 mutant does not contain rhamnose but has other carbohydrate residues as listed for wildtype OG1RF (F. Teng, K. V. Singh, A. Bourgogne, J. Zeng, and B. E. Murray; unpublished data), suggesting the possibility that altered polysaccharide of TX5179 contributes to its attenuation in our murine UTI model. Our previously published work suggested that epaB (orfde4) of TX5179 was cotranscribed with the downstream gene epaC (orfde5)) [3] , and our recent work shows that epaB (orfde4) is cotranscribed with epaC (orfde5) and epaD (orfde6) (F. Teng, K. V. Singh, A. Bourgogne, J. Zeng, and B. E. Murray; unpublished data), indicating that there is a polar effect on these downstream genes in TX5179 mutant. Our effort to test complemented TX5179 in the mouse UTI model were unsuccessful, because the vector pAT18 with cloned complementation fragment showed in vivo loss of ∼2-3 log 10 cells, although it did not show any in vitro loss when grown in BHIS medium for inoculum preparation. However, our intent was to show an effect of disruption within the epa cluster, which these data provide, rather than to associate a specif c gene with the defect.
The importance of carbohydrate residues on E. faecalis cell surface and their adherence to different cell lines has been previously suggested by Guzman et al. [13] using carbohydrate inhibition experiments and sodium m-periodate treatment of cells; in these studies, E. faecalis carbohydrate residues (D-mannose and D-glucose) were noted to be expressed by strains of both UTI and endocarditis origin when the cells were grown in brain-heart infusion broth and mediated adherence to either urinary tract epithelial cells or the Girardi Heart cell line. Other carbohydrate residues (D-galactose and L-fucose) were present only on endocarditis strains that mainly adhered to Girardi Heart cells, but these ligands were also expressed by UTI isolates after growth in serum. In the current study, both wild-type OG1RF and TX5179 were grown in the presence of 40% serum, because in our preliminary experiments, wild-type OG1RF grown in brain-heart infusion broth was found to be less infective in the murine UTI model, compared with brain-heart infusion-40% serum-grown OG1RF (unpublished data). Recently, our group has shown the in vitro serum-elicited adherence of 43 diverse E. faecalis strains, which included 4 strains isolated from urine samples of patients and wild-type OG1RF, to extracellular matrix proteins (ie, fib onectin, fi rinogen, and collagen types I and IV) demonstrating that all strains, when grown in brain-heart infusion-40% serum versus brain-heart infusion alone, showed increased adherence to extracellular matrix proteins regardless of the source of isolation [4] . Serum is known to alter expression of some E. faecalis genes [14, 15] and is the subject of additional studies.
In conclusion, in a murine ascending UTI model, wild-type E. faecalis OG1RF significantl outnumbered its epaB (formerly orfde4) gene disruption mutant TX5179 in both kidneys and urinary bladders, indicating that the polysaccharide related to the epa gene cluster of wild-type OG1RF contributes to murine UTI.
